Objective: The purpose of this study was to examine the relationships between osteoporosis knowledge, beliefs and calcium intake among college students. This study also examined perceived susceptibility, severity, benefits, barriers and self-efficacy related to osteoporosis prevention. Participants: Seven hundred and ninety two (n = 792) men and women ages 17 -31 of all ethnicities at a mid-western regional university in the US participated in the study. Methods: The Osteoporosis Knowledge Test, Osteoporosis Health Belief Scale, and Osteoporosis Preventing Behaviors Survey were utilized. Each of these tools were previously validated and found reliable. Correlation and multiple regression analyses were completed. Results: Participants did not perceive themselves as susceptible to osteoporosis and perceived minimal barriers to calcium intake. Their knowledge was minimal concerning alternate sources of calcium. Conclusions: Prevention programs should aim to increase osteoporosis knowledge of risk factors and osteoprotective behaviors and to decrease high-risk behaviors during college years when behavior changes can have the strongest impact on bone health.
INTRODUCTION
Osteoporosis is a skeletal disorder characterized by compromised bone strength, predisposing an individual to an increase risk of fracture [1] . The World Health Organization adds to the above definition and defines osteoporosis as a bone mineral density value more than 2.5 standard deviations below the mean for normal young white women [2] . The most common sites of fractures are at the spine, wrist, and hip. In individuals with osteoporosis, the bands or plates of bone become thin, porous and weakened [3] . When porous bone fractures, it shatters in pieces that often cannot be reassembled.
By 2020, one in two Americans over age fifty will have or be at risk for developing osteoporosis [3] . The Surgeon General has identified bone health as a critical component to the overall health and quality of life of Americans [3] . Approximately ten million Americans have osteoporosis [4] . Of these, eight million are women and two million are men. In addition to these two million men, another thirtyfour million men have low bone mass [5] . Osteoporosis characteristically begins early in life when corrective action might slow down disease progression [6] . Women are at two to three times higher risk than men because of the rapid bone loss at menopause due to sharp declines in estrogen production [7] .
Fractures are the most devastating problem facing people with osteoporosis [8] . In 1995, osteoporotic fractures contributed to more than half a million hospitalizations and over 800,000 emergency room visits [3] . Hip fractures are the most disabling type of fracture in people with osteoporosis. More than one in four individuals suffering a hip fracture becomes disabled during the following year. Nearly one in five requires long-term nursing home care. In 1995, 140,000 persons were admitted to nursing homes due to hip fractures [3] .
Deaths related to bone disease usually have indirect causes. Fractures and their related complications can trigger a downward spiral in health. Approximately 20% of hip fracture patients die within a year of the fracture [8] . Hip fractures were listed as the cause of death on 12,661 death certificates in 1999 [3] . Nine out of one hundred women with a hip fracture will die as a result of the fracture [9] . Fractures resulting from osteoporosis can lead to pain, height loss, inability to stand, and inability to walk [10] . Hip fractures are the most disabling type of fracture [11] and usually result in two million person-years of permanent disability [12] .
The expense of fractures is costly. Currently, the annual direct care expenditures for osteoporotic fractures are $12.2 -$17.9 billion per year [13] . Hip fractures are the most costly of all fractures, representing $11.3 billion of the total direct expenditure of osteoporosis [14, 15] .
Some of the risk factors for osteoporosis are genetics, smoking and alcohol abuse, poor nutrient intake, calcium and vitamin D deficiency, and decrease in sex hormone production [3] . Corrective action must be taken slow down bone loss and prevent osteoporosis [7] . Prevention of bone disease should begin at birth and continues throughout life. According to the Department of Health and Human Services' Surgeon General's Report, the challenge is to address the lack of awareness of bone disease in the public and even among health care professionals [3] . Many health care professionals do not understand the magnitude of the problem or the ways in which bone disease can be prevented and treated. One of the common misconceptions is that osteoporosis is an inevitable part of aging and that it is limited to older White women [16, 17] . This incorrect view has delayed prevention and treatment in young and middle-aged women, men and minority women. In addition, misconceptions regarding osteoporosis have delayed educational efforts among youth.
To address issues related to lack of awareness, use of health behavior theories may increasing the effectiveness of assessing osteoporosis knowledge and developing education efforts. The Health Belief Model (HBM) can be used to gain an understanding of health behaviors and reasons for non-compliance related to osteoprotective behaviors [18] [19] [20] . This model can assess perceived susceptibility, severity, benefits, barriers, and self efficacy [20, 21] .
The purpose of this study was to determine the level of osteoporosis knowledge, beliefs, and calcium intake among college students. In addition, this study examined the constructs of the Health Belief Model (HBM), perceived susceptibility, severity, benefits, barriers, and health motivation, related to osteoporosis prevention.
METHODS
Institutional Review Board approval at the educational institution was obtained and each student was provided an informed consent letter prior to responding to the survey. Three surveys were disseminated to participating college students. Permission to use the Osteoporosis Health Belief Scale (OHBS), the Osteoporosis Knowledge Test (OKT) and the Osteoporosis Preventing Behaviors Survey (OPBS) was obtained.
The OHBS [22] is a 42-item instrument consisting of seven subscales addressing health beliefs. The subscales address susceptibility, severity, benefits to exercise, benefits to calcium intake, barriers to exercise, barriers to calcium intake, and health motivation. Each item was rated using a 5 point Likert scale with 1 = strongly disagree, 2 = disagree, 3 = neutral, 4 = agree, and 5 = strongly agree. Agree or strongly agree are correct responses.
Scores had a possible range of 42 to 210 for the total health belief score and a possible range of 6 to 30 for each subscale score. Preliminary testing of women revealed the test-retest reliability for the total instrument as 0.90 and the subscale test-retest reliabilities ranged from 0.52 to 0.84 [22] . Concurrent validity was established through assessment of calcium and exercise behaviors along with the Health Belief Model (HBM) instrument.
The OKT [22] is a twenty-four item tool consisting of two subscales addressing exercise (16 items) and calcium intake (17 items). The survey includes 9 items that address knowledge of overall osteoporosis risk factors. Each item is rated by the participant using ML = more likely, LL = less likely, NT = neutral, and DK = don't know. Scores for calcium had a possible range of 0 to 17. Through preliminary testing of the instrument on a sample population of women, the test-retest reliability coefficient for OKT calcium was 0.72 and OKT exercise was 0.69 [23] .
The Osteoporosis Preventing Behaviors Survey (OPBS) [24] is a 39-item self-report descriptive survey that addresses osteoporosis preventing behaviors involving the categories of activities/exercise, dietary intake of calcium, and other risk factors (smoking, alcohol use, use of hormonal therapy, use of non-hormonal therapy and other medications that affect bone density) and included other demographic items.
Questions related to calcium intake include 4 items. Each item in questions 1 -3 is rated by the subject by using 1 = none per week, 2 = one per week, 3 = two per week, 4 = three per week, 5 = four per week, 6 = five per week, 7 = six per week, 8 = one per day, 9 = two per day, 10 = three per day. Question 4 is rated as 1 = no and 2 = yes to answer the question of intake of a calcium supplement. For analysis of the behavior calcium intake, three groupings were established [25] . Less than four servings a week indicated inadequate intake. Five servings a week to one serving a day were moderate intake. Two to three servings a day were considered adequate intake.
To determine internal consistency, Cronbach alpha was utilized [27] . A reliability coefficient of 0.70 or higher is considered acceptable in most social science research situations [28] . All reliability coefficients are within the acceptable range except the osteoporosis knowledge test which yielded a coefficient of 0.69.
After collection of the questionnaires, missing data variables were coded as 99. Next, variables were coded with a numerical code. A test for outliers was also conducted. Three extreme outliers were discovered and were recoded. Descriptive statistics were generated on all variables. A Pearson correlation was used to determine the degree of relationship between variables.
The dependent variable for the multiple regression analy-sis was calcium intake (a combined variable of milk, cheese, yogurt, and Ca supplement intake). The independent variables were osteoporosis knowledge, attitudes, perceived susceptibility, perceived severity, perceived benefits, perceived barriers, gender, ethnicity, family history, age, calcium intake, and physical activity. After determining which independent variables were significant through a bivariate correlation analysis, a multiple regression analysis was completed. Multicolinearity of each independent variable was assessed by examining the correlations and associations between the independent variables.
RESULTS
A response rate of 96% was obtained. This study included 792 men and women who were enrolled in a course in the Health Science Department during the spring 2009 semester. The majority of these students were majors in the health science department, and the remaining students were collected from a general education course in the department. Originally, the questionnaire was given to 825 students; however, 33 were eliminated due to incompletion of the demographic questions. The majority of the students were nineteen to twenty-one years of age (58.5%), with a mean age of 20.6 years. The study sample was comprised of more female (57.3%) than male students and more White (64.5%) than any other ethnicity. Table 1 presents the demographics of the sample.
Overall, participants did not perceive themselves to be susceptible to osteoporosis and strongly disagreed with the statement "family history makes it more likely" (35.4%). However, they found themselves neutral to the statement "your chances of getting osteoporosis are high" (31.2%). Approximately 45% (45.3) agreed that it would be very serious to get osteoporosis, 35.5% also agreed with the statement "osteoporosis would be very costly", and 33.5% agreed with the statement "the thought of having osteoporosis scares them". However, participants did not agree with the statement "osteoporosis would be crippling" (36.1%) and did not agree with the statement "I get depressed when thinking of osteoporosis" (31.8%).
All participants indicated agreement with statements of exercise and calcium intake as protective toward osteoporosis, and students disagreed with statements designed to assess perceived barriers to physical activity or calcium intake. The participants were neutral (39.0%) on the barrier statement "calcium rich foods have too much cholesterol".
Although many participants disagreed with the statement "you have a regular health check-up" (29.2%), overall there was agreement with statements designed to assess health motivation.
Since this study was examining each separate construct, the six questions per construct were computed into a new variable named for each construct. Table 2 presents the mean and standard deviation for each health belief construct.
For the construct of perceived susceptibility, the possible score is 6 -30 with a greater number representing greater susceptibility for osteoporosis. The sample had a mean of 13.64 and standard deviation of 5.09 for the construct susceptibility which indicates low perceived susceptibility for osteoporosis. For the construct of perceived seriousness, the possible score is 6 -30 with a greater number representing a perception of osteoporosis being serious. The sample had a mean of 17.34 and standard deviation of 4.37 for the construct seriousness, which indicates a view of osteoporosis as moderately serious.
For the construct of perceived benefits for both physical activity and calcium intake, the possible score is 6 -30, with a greater number representing a positive view of exercise and calcium intake. The mean for the construct perceived benefits of physical activity was 23.23 with a standard deviation of 5.33. The mean for perceived benefits of calcium intake was 22.26 with a standard deviation of 4.61. These scores represent a positive view of both constructs.
For both perceived barriers to physical activity and calcium intake, the possible score is 6 -30 with a higher number representing fewer barriers. The mean for perceived barriers to physical activity is 24.27 (standard deviation of 4.62). The mean for perceived barriers to calcium intake is 22.83 (standard deviation of 4.57). These scores show that participants had few reported barriers to either physical activity or calcium intake.
The last construct of the Health Belief Model was perceived health motivation. The possible score is 6 -30 with a higher number representing higher motivation for health. The mean is 19.87 with a standard deviation of 4.34 which indicates a positive motivation for health just above the mean.
Most participants incorrectly thought neither having ovaries surgically removed (34.4%) nor being a white woman with fair skin (38.4%) increased the risk of acquiring osteoporosis. They also did not view having big bones (38.9%) as being a protective factor to osteoporosis.
Correctly, participants identified jogging/running for exercise (76.8%) and aerobic dancing (77.4%) as physical activity which reduces chances of osteoporosis. Incorrectly, a majority of participants identified swimming (50.8%) as being a protective factor for osteoporosis.
Correctly, the participants thought it will take three or more days of physical activity a week (80.3%) and a minimum of twenty to thirty minutes (75.9%) a day of physical activity to protect against osteoporosis.
In regards to foods which are good sources of calcium, the participants correctly recognized cheese (89.0%), broccoli (50.8%), yogurt (87.1%), and ice cream (66.2%). As stated above, participants correctly identified traditional sources of calcium; however, they were not able to recognize alternate sources of calcium such as canned sardines (23.5%).
Participants knew the recommended amount of milk is two or more glasses daily (45.6%). However, they incorrectly identified the recommended amount of calcium intake for adults as 400 mg -600 mg daily (39.8%). Eleven percent recognized the correct amount of calcium needed by adults as 800 mg or more a day. Table 3 represents the students' current calcium intake behaviors. The responses were divided into three categories: inadequate, moderate, and adequate. Inadequate represents a response of zero to four servings of calcium a week. Moderate represents a response of five servings of calcium a week to one serving of calcium a day. Adequate represents a response of two servings to three servings of calcium a day. The answers provided by the highest proportion of respondents are bolded for each of the statements.
There was also a positive correlation between calcium intake (a combined variable including all Ca sources listed above) and health motivation (r = 0.204, n = 790, p = 0.000), with high levels of calcium intake associated with a high motivation to health. Calcium intake had a non-significant, low correlation to perceived barriers to physical activity (r = 0.041, n = 787, p = 0.217). However, calcium intake also had a low correlation to perceived benefits of calcium intake that did not reach statistical significance (r = 0.050, n = 788, p = 0.159).
Multiple regression, as shown in Table 4 , was used to assess the ability of six independent variables (ethnicity, health motivation, age, perceived barriers to physical activity, perceived barriers to calcium intake, and physical activity) to predict calcium intake. Preliminary analyses were conducted to ensure normality, multicollinearity, and homoscedasticity were not violated. However, as previously mentioned, calcium intake was not found to be linear.
After entry of the variables the total variance explained by the model was 12.2%, p < 0.05. In the final model, all predictors were statistically significant, with ethnicity recording a higher beta value (β = -0.173, p < 0.05) than other variables. Internal consistency measures estimate how consistently individuals respond to the items within a scale. In social science research the cut-off is that alpha should be 0.70 or higher for a set of items to be considered a scale. All reliability coefficients are within the acceptable range except the osteoporosis knowledge test which yielded a coefficient of 0.69.
COMMENT
Many studies linked with osteoporosis have spotlighted knowledge of and the health beliefs of individuals. The majority of studies observe white, pre and postmenopausal women, and few studies have examined men or multiple ethnicities.
Prevention is the most effective way to promote bone health. It is critically important to build and to maintain strong, healthy bones throughout life. To accomplish this, everyone should understand the basics of the prevention of osteoporosis. Calcium intake is essential in developing healthy bones [3] . Review of the literature exposed a consensus that most individuals are not engaging in preventative measures for osteoporosis.
Researchers are attempting to determine which variables lead some individuals to perform these behaviors and which variables hinder a person's performance. Knowledge of osteoporosis is limited in all populations, and even if an individual has knowledge of osteoporosis, it does not increase the likelihood he/she will engage in the preventative behaviors. Other important variables in possibly increasing behaviors that prevent osteoporosis are whether the person feels susceptible, whether the person feels osteoporosis is severe, the view of the benefits of calcium intake, the view of the barriers of calcium intake.
The HBM proposes that if individuals are to take osteoporosis prevention measures, they must feel susceptible to osteoporosis, believe that occurrence of osteoporosis would have a severe impact on their lives, and conclude that preventive measures are beneficial, outweighing any barriers involved in taking the actions [29] . Participants in this study did not feel susceptible to osteoporosis, and according to the HBM, they will not take preventative measures to ward off the disease. Questions examining the construct of perceived severity were answered with mixed results. Overall, they did not believe that osteoporosis would significantly affect their lives. In this study, the benefits of physical activity and calcium intake did outweigh the barriers. The study population had positive views of both physical activity and calcium intake and reported few barriers to both activities.
Lack of osteoporosis knowledge is well documented among both genders and different ethnicities. Prevention and treatment in controlling osteoporosis are effective; however, unless individuals are familiar with them and are able to make informed choices regarding available treatments, those measures are useless. Reports show knowledge concerning the risk of a lack of physical activity and low calcium intake [30] . They also determined the inability to identify risk factors of skipped menstrual periods and postmenopausal status [30] . This study produced similar results. The majority of participants were able to identify risks of a lack of physical activity and low calcium intake but were unable to identify the risks inherent in white women, the risks that come with the removal of ovaries, and the benefits to big-boned individuals.
Participants in the study seemed to possess knowledge that calcium plays a role in keeping bones strong. However, they were unable to correctly identify the recommended amount of calcium for adults. They were also unable to identify alternate sources of calcium.
One of the findings from this study was a lack of perceived susceptibility towards osteoporosis among college age students. This is consistent with findings that stated college females perceive breast cancer and heart disease as greater threats than osteoporosis [21] . Reports show that perceived susceptibility was considerably lower in young adults compared to older age groups [31] , and it was determined that 50% of their study population believed osteoporosis was a minor health problem [32] . One possible explanation for young women not perceiving themselves as susceptible is the thought that osteoporosis is mainly an older woman's disease. It was concluded that 65% of women ages eighteen to twenty-five thought osteoporosis was a disease of women over seventy years of age [33] .
Another finding was this population thought osteoporosis to be moderately severe. It was found that perceived severity was an important construct when determining noncompliance in preventative behavior [20] . In other words, the less severe a person believes osteoporosis to be, the less likely he/she is to participate in behaviors which shield him/her from osteoporosis. In an article [32] , 53% of women thought osteoporosis was a curable disease; this idea would therefore lower their perceived severity of the disease.
A contradictory finding from this study is that a majority of the study population had low perceived barriers to calcium intake. These participants consumed inadequate amounts of calcium. This is in contrast to findings [34] who determined that perceived barriers were the most common factor impacting behavior. If perceived barriers were high, the population would not engage in preventative behaviors. However, this population's perceived barriers were low, typically meaning behaviors would be high; however, this population contradicts this rule by not acquiring the recommended amount of calcium.
Knowledge about osteoporosis is inconsistent in the study population, with a moderate understanding of the need to include calcium rich foods and an understanding of the forms of physical activity that could help prevent osteoporosis. However, in the physical activity questions, there was one choice response which was a more traditional type of exercise and the other choices were more everyday types of physical activity. This may have led the study population to choose the traditional exercise response without actually having knowledge of which enhanced the prevention of osteoporosis.
STRENGTHS OF THE STUDY
In addition to having a high response rate, the strengths of the study included high statistical power because of the large sample size. The data collection method was strengthened by the fact that only two researchers collected the data. The collection method was consistent in each class. The primary researcher inputted all data; therefore, it was controlled and closely monitored. Data entry verification was conducted preceding data analysis. This was carried out by verifying every ten entries were correct.
LIMITATIONS
The limitations related to this research project include its sampling method. Convenience sampling is selecting research participants on the basis of being accessible and convenient to the researcher [35] . This can be accomplished by using students in classes in a particular department [36] .
One potential limitation to using a convenience sample is that a claim for representativeness of the population can not be made. Another limitation is the researcher's ability to generalize findings beyond the actual sample may be limited [36] . An additional limitation was the majority of the participants were majors in the health science department which may have led to a greater knowledge of this area due to their interest in health issues.
Participants tend to report what they believe the researcher expects to see or they wish to present themselves in a socially acceptable manner [37] . Another concern about such data centers on whether subjects are able to accurately recall past behaviors. Cognitive psychologists have warned that the human memory is fallible [38] and thus the reliability of self-reported data is tenuous on some items.
CONCLUSIONS
Young adults are heading in a direction that will add them to the national burden of osteoporosis. Coupled with a greater number of our population living longer, osteoporosis is becoming an increasing public health concern. Research indicates the importance of prevention in the fight against osteoporosis [3] . Prevention programs should aim to increase knowledge and to decrease risk factor behaviors in adolescence when bone health can be increased. This would help adolescents achieve a higher bone mass as a means of helping them prevent or delay the development of osteoporosis [39] .
Although there are studies related to college students' nutritional habits, calcium intake, physical activity, and osteoporosis risk factors, studies addressing osteoporosis prevention among both genders and multiple ethnicities are limited. Evidence that this population lacks knowledge about osteoporosis risk factors, calcium intake, and physical activity related to bone health makes it important to provide educational opportunities in several venues to increase knowledge. The importance of this is supported by those who found that individuals with greater knowledge related to the importance of calcium intake and physical activity are more likely to participate in those behaviors than those who do not have this knowledge [30] . In providing health education one must go beyond knowledge alone, recognizing that knowledge alone does not translate to behavior [40] . However, without knowledge, behavior change is not informed, and individuals must be aware of osteoporosis before they can be expected to take preventive steps.
